INTRODUCTION
============

Pregnancy-related pelvic girdle pain (PPGP) is pain in the pelvic area that may develop during pregnancy. PPGP is defined as "pain between the posterior iliac crest and the gluteal fold, particularly in the vicinity of the sacroiliac joint (SIJ), which may radiate to the thighs and hips".^([@b1-ijtmb-13-1]--[@b4-ijtmb-13-1])^ Pain can be experienced in conjunction with---or separately to---pain in the pubic symphysis.^([@b1-ijtmb-13-1],[@b4-ijtmb-13-1]--[@b6-ijtmb-13-1])^ The prevalence of PPGP is not clear, with incidences ranging from 20% to 65% worldwide;^([@b4-ijtmb-13-1],[@b6-ijtmb-13-1]--[@b11-ijtmb-13-1])^ however, an Australian study reported a prevalence rate of 55%.^([@b12-ijtmb-13-1])^

PPGP significantly impacts women's lives, with literature demonstrating it limits daily activities, decreases quality of life, alters sleep patterns, impairs mobility, decreases independence, and decreases women's ability to care for their other children.^([@b1-ijtmb-13-1],[@b4-ijtmb-13-1],[@b13-ijtmb-13-1],[@b14-ijtmb-13-1])^ Further, women with PPGP are more likely to have depression, report social isolation, and take more sick leave from work than women without PPGP.^([@b12-ijtmb-13-1],[@b14-ijtmb-13-1],[@b15-ijtmb-13-1])^ In some cases, women with PPGP are so severely impacted that they are housebound, and have reported taking more than the recommended doses of analgesia in attempts to reduce pain.^([@b14-ijtmb-13-1])^

Risk factors for the development of PPGP include previous low back or pelvic pain before pregnancy and/or during pregnancy,^([@b1-ijtmb-13-1],[@b6-ijtmb-13-1])^ pain in multiple pelvic locations or sites which also increases pain severity,^([@b6-ijtmb-13-1],[@b16-ijtmb-13-1])^ multiparity,^([@b1-ijtmb-13-1])^ increased body mass,^([@b1-ijtmb-13-1])^ history of trauma to the back or pelvis, and emotional distress.^([@b1-ijtmb-13-1],[@b6-ijtmb-13-1])^ The exact etiology of PPGP is not known, but it is believed to be multifactorial and related to "hormonal, biomechanical, traumatic, metabolic, genetic, and degenerative factors" (p.439).^([@b1-ijtmb-13-1])^ Research has postulated that pelvic stability (generated by muscles, fascia, and ligaments), impaired load transfer (thought to involve the sacrospinous ligament and superficial sacroiliac joint structures such as the long dorsal sacroiliac ligament), and/or altered pelvic mechanisms and/or motor control (excessive and insufficient motor activation of the lumbopelvic and surrounding musculature such as transverse abdominals and pelvic floor muscles) are involved in the pathogenesis of PPGP.^([@b16-ijtmb-13-1])^

Research has found that health-care professionals might view PPGP as an accepted and expected symptom of pregnancy and thus fail to recommend management.^([@b8-ijtmb-13-1],[@b12-ijtmb-13-1])^ When management is recommended, there is no consensus about how to best manage PPGP; however, it is generally managed conservatively with a multidisciplinary approach that addresses pain, psychological impacts, and activity modification.^([@b1-ijtmb-13-1],[@b7-ijtmb-13-1])^ Physiotherapy, general practitioner consultations, and analgesia are common approaches to manage PPGP,^([@b7-ijtmb-13-1],[@b17-ijtmb-13-1])^ but these approaches do not suit all women. Some women do not want to take medication and some women do not respond to common approaches of pain reduction and or management.^([@b8-ijtmb-13-1],[@b14-ijtmb-13-1],[@b17-ijtmb-13-1]--[@b19-ijtmb-13-1])^

In Australia, remedial massage is defined as a complementary therapy which aims to systematically assess and treat muscles, tendons, ligaments, and connective tissue of the body that are damaged, knotted, tense or immobile, and assist in rehabilitation, pain, and injury management.^([@b20-ijtmb-13-1])^ Massage is a popular, non-pharmacological treatment option to reduce or manage PPGP; however, there is limited information on the effectiveness of massage as a treatment for PPGP.^([@b8-ijtmb-13-1],[@b9-ijtmb-13-1],[@b21-ijtmb-13-1])^ A 2016 systematic review and meta-analysis investigated pregnancy-related back and pelvic pain and found positive effects for osteopathy and massage on pain intensity;^([@b22-ijtmb-13-1])^ however, the only available studies on massage investigated its effect on pregnancy-related low back pain, not PPGP.^([@b23-ijtmb-13-1])^ Given the paucity of research on the efficacy of massage for pregnant women with PGP, it is not known how women with PPGP may respond to massage. The aim for the present study was a subgroup analysis of massage in participants with and without PPGP from our published study.^([@b24-ijtmb-13-1])^

METHODS
=======

This paper reports a subgroup analysis of pregnant women with PPGP compared to all other pregnant participants from the former prospective observational study.

Diagnosis of PPGP is based on clinical assessment, including pain location and several clinical tests. However, in Australia massage therapists are not able to diagnose any condition. Therefore the criteria for PPGP for the study was based on pain location, and included individuals who presented complaining of pain in the pelvic region such as gluteal, pubic, and/or sacroiliac pain. This information was collected via the client intake form. No formal diagnosis of PPGP by a health-care professional (e.g., physiotherapist, osteopath or General Practitioner) was required for participation in the study.

Ethics
------

All participants provided informed consent prior to their inclusion in the study. Ethics approval was obtained from Human Research Ethics Committee of Western Sydney University. The ethics approval number is H11819.

Participants, Intervention and Outcome Measures
-----------------------------------------------

### Participants

The study participants included 97 women, greater than 18 years of age, who received a pregnancy massage at two massage clinics in Australia in 2017. Participants were a convenience sample of pregnant women who choose to use massage therapy during their pregnancy. Informed consent was obtained for all participants.

### Intervention

The treatment was undertaken at two clinics in Australia (one in Victoria and one in New South Wales). As the women were paying clients of the two clinics, they received the style and type of massage that they wanted and treatments were individualized to the client including style of massage, areas treated, and the type of massage techniques used. Treatment could involve the whole body or just the areas that the client requested ('the problem' areas). Both clinics predominately use Swedish massage techniques utilizing the following massage strokes: gliding (both longitudinal and transverse), kneading, cross-frictional work (transverse frictions), static holds (digital ischemic pressure), and muscle stretching. Both clinics generally treat in the side-lying position, but this was dependent on the presentation of the client on the day. Both clinics offered the choice of 60-minute, 75-minute, and 90-minute pregnancy massage consultations.

### Outcome Measures

The study used a client information and treatment form that collected information about participants past history, previous pregnancies, current pregnancy, health, the reason for the visit, and treatment data. Data were also collected on the effect of massage on commonly reported symptoms such as pain, stress, restriction of range of movement, and sleep. This was collected pre- and postmassage and one week postmassage via visual Analog Scales (VAS).^([@b25-ijtmb-13-1]--[@b27-ijtmb-13-1])^ The scales ranged from 0 to 100. Data on the side effects of massage were collected one week postmassage via a self-reported online questionnaire and included information on massage side effects such as postmassage soreness.

Analysis
--------

Data analysis was performed on participants' only or first visit for all aspects of the study other than treatment side effects. Demographic data for the two groups were presented including age, trimester at time of massage, gravida (number of times been pregnant), parity (number of pregnancies reaching viable gestational age), previous loss, and experience of pregnancy massage. A chi-squared test was used to compare demographic data between groups (PPGP group and non-PPGP group). The sub-group analysis involved the following two outcomes: a) the effect of massage on commonly reported symptoms of pain, stress, restriction of range of movement, and sleep; and b) massage side effects. For the PPGP and the non-PPGP group, the pre- and postmassage outcomes (e.g., stress, pain, sleep, and restriction of range of movement) were reported as mean scores with standard deviations.

Two-way ANOVA repeated measures looking at between-group effects as well as within-subject effects (group and time and interaction of group and time) were undertaken on the repeated outcomes (pain, stress, restriction of range of motion, and sleep) for the two groups (PPGP group and the non-PPGP group). Secondary analysis included analysis of individual group results with a post hoc test using the Bonferroni correction (α~original~ = 0.05, α~corrected~ = 0.017) to determine statistical differences between time points of the individual group results.

Effect sizes were calculated between pre- and postmassage scores, premassage and one week postmassage scores, and postmassage to one week postmassage scores within-group only. Effect sizes were interpreted as ≤ 0.2 trivial, 0.5 medium, ≥ 0.8 large.^([@b28-ijtmb-13-1])^

The data from the one-week follow-up regarding side effects were analyzed as incidences (e.g., postmassage soreness), and reported as a count and a percentage and a chi-squared test was undertaken to compare differences in side effects between the two groups (PPGP group and the non-PPGP group). Information collected on participants who had multiple treatments was presented descriptively as regards to patterns regarding postmassage side effects and number of treatments.

RESULTS
=======

There were 19 individuals (19.6%) in the PPGP group and 78 (80.4%) individuals without PPGP.

Demographics
------------

There were no statistical differences between the PPGP and non-PPGP groups for age, (*p* = .425) trimester in at time of massage χ^2^(1, 97) = 1.523, *p* = .217, gravida (number of times been pregnant) χ^2^(1, 97) = 1.896, *p* = .168, parity (number of pregnancies reaching viable gestational age) χ^2^(1, 97) = 0, *p* = .996, and experience of pregnancy massage χ^2^(1, 97) = 0.2571, *p* = .61 (see [Table 1](#t1-ijtmb-13-1){ref-type="table"}). Women in both groups presented, on average, as 34 years-of-age, in their third trimester, having a singleton, and having been pregnant previously.

###### 

Participant Demographic and Other Features in Each Group at Baseline

                                                                     *PPGP (n =19)*              *Non PPGP (n = 78)*          *Statistics*
  ------------------------------------------------------------------ --------------------------- ---------------------------- ---------------------------------
  *Trimester in at time of massage*                                  4 (21.1%)                   28 (35.9%)                   χ^2^(1, 97) = 1.523, *p* = .217
  • First trimester and second trimester combined                    (1 in 1^st^ & 3 in 2^nd^)   (4 in 1^st^ & 24 in 2^nd^)   
  • Third trimester                                                  15 (78.9%)                  50 (64.1%)                   
  Having a singleton                                                 18 (94.7%)                  78 (100%)                    n.a
  Having twins                                                       1 (5.2%)                    0 (0%)                       
  *Gravida (number of times been pregnant)*                                                                                   
   First time been pregnant                                          5 (26.3%)                   34 (43.6%)                   χ^2^(1, 97) = 1.896, *p* = .168
   Been pregnant more than once                                      14 (73.7%)                  44 (56.4%)                   
  *Parity (number of pregnancies reaching viable gestational age)*                                                            
   Not reached viable gestational age                                9 (47.4%)                   37 (47.4%)                   χ^2^(1, 97) = 0, *p* = .996
   Reached viable gestational age                                    10 (52.6%)                  41 (52.6%)                   
  *Previous loss (type of loss unknown)*                                                                                      
   Yes                                                               7 (36.8%)                   21 (26.9%)                   χ^2^(1, 97) = 0.7321, *p* = .39
   No                                                                12 (63.2%)                  57(73.1%)                    
  *Experience of pregnancy massage*                                                                                           
   Previous experience                                               9 (47.4%)                   42 (53.8%)                   χ^2^(1, 97) = 0.2571, *p* = .61
   No previous experience                                            10 (52.6.6%)                36 (46.2%)                   

Six individuals in the PPGP group had multiple treatments (31.6%) and 23 individuals in the non-PPGP had multiple treatments (29.5%). The majority of the non-PPGP groups' treatments were 75-min sessions (n = 41) (52.6%), with 27 60-min treatments (34.6%) and three 90-min treatments (3.8%). The majority of the PPGP groups' treatments were either 75-min long (n = 10) (55.6%) or 60-min long (n = 8) (44.4%), with one participant receiving a 90-min session (5.6%). The majority of treatments for both groups (n=76 \[97.4%\] non-PPGP and n = 19 \[100%\] PPGP) involved a full body massage (back, gluteals, neck, arms, hands, leg, and feet), with a focus on the areas that the participant sought massage treatment for, while two of the non-PPGP treatments (2.6%) involved receiving a massage on only the problem areas.

Outcome Measures
----------------

The between-subjects effects shows there was a significant difference between the groups for pain F(1, 77) = 7.055, *p* = .01 and for restriction in range of motion F(1, 77) = 7.973, *p* = .006. There was no significant difference between the groups for stress or sleep.

The within-subject test indicates that there is a significant time effect for pain (F(2, 154) = 26.677, *p* \< .001), stress (F(1.9, 154) = 48.6743, *p* \< .001), restriction in range of motion (F(2, 154) = 24.935, *p* \< .001), and sleep (F(2, 77) = 21.070, *p* \< .001), indicating a decrease in pain, a reduction in stress, less restriction in range of motion, and better sleep across the study time frame.

The interaction of time and group is not significant for pain, stress, restriction in range of motion, nor sleep, indicating that that the groups are changing the same way over time.

Post hoc analysis found a significant reduction in all outcome measures immediately following massage with all measures returning to baseline at one week postmassage except for pain, which remained reduced for the PPGP group (49.79±25.68 to 34.75±34.75, *p* = .03, effect size 0.593), and stress, which remained reduced in the non-PPGP group (33.36±21.54 to 24.90±19.18, *p* = .002, effect size 0.373) (see [Table 2](#t2-ijtmb-13-1){ref-type="table"}).

###### 

Pain, Stress, Range of Movement and Sleep for Those with PPGP (N = 19) and Non-PPGP (N = 78)

                               *Before the Massage*   *After Massage*   *One Week Postmassage*   *Pre- to Postmassage*                                         *Premassage to One Week Postmassage*                          *Postmassage to One Week Postmassage*
  ---------------------------- ---------------------- ----------------- ------------------------ ------------------------------------------------------------- ------------------------------------------------------------- ---------------------------------------------------------------
  *Pain*                                                                                                                                                                                                                     
  PPGP group (n =19)           49.79 (25.68)          20.42 (20.64)     34.75 (25.5)             1.261 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}   0.593 *p* = .03[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}     − 0.681 *p* = .014[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  Other participants (n =78)   31.33 (25.04)          11.47 (15.33)     26.68 (27.52)            0.969 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}   0.192 *p* = .72                                               − 0.703 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  *Stress*                                                                                                                                                                                                                   
  PPGP group (n =19)           28.63 (25.87)          9.05 (10.34)      24.89 (19.62)            0.994 *p* = .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}    0.035 *p* = .99                                               − 1.143 *p* = .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  Other participants (n =78)   33.83 (21.48)          9.57 (11.68)      24.90 (19.18)            1.385 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}   0.373 *p* = .002[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}    − 0.97 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  *Range of Movement*                                                                                                                                                                                                        
  PPGP group (n =19)           44 (28.41)             22.95 (17.26)     39.53 (24.92)            0.896 *p* = .004[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}    0.049 *p* = .99                                               − 0.916 *p* = .009[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  Other participants (n =78)   28.9 (23.86)           13.76 (14.57)     24.12 (21.38)            0.813 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}   0.29 *p* = .30                                                − 0.598 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}
  *Sleep*                                                                                                                                                                                                                    
  PPGP group (n =19)           70 (21.57)             NA                53 (21.54)               NA                                                            0.752 *p* = .03[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}     NA
  Other participants (n =78)   60.72 (24.41)          NA                44 (27.64)               NA                                                            0.657 *p* \< .001[b](#tfn2-ijtmb-13-1){ref-type="table-fn"}   NA

Higher scores equal greater pain, stress or restriction of movement or sleep more restless than usual.

Statistically significant difference within group time point analysis

N/A = not applicable

PPGP = pregnancy--related pelvic girdle pain

Massage Side Effects
--------------------

### The Rate of Participants Experiencing Side Effects Postmassage

In the PPGP group, eight individuals (42.1%) experienced one or more side effects, with the most common being postmassage soreness (n = 6), posttreatment soreness (n = 4), and an increase in pain (n = 2). In the non-PPGP group, 24 individuals (28.2%) experienced one or more side effects, with the most common being postmassage soreness (n = 15) and tiredness or fatigue (n = 5). Other side effects experienced by either group were headaches, dizziness, exacerbation of symptoms, Braxton Hick's worse day after massage, bruising, heightened anxiety, and unsettled digestion. See [Table 3](#t3-ijtmb-13-1){ref-type="table"} for the side effects.

###### 

Side Effects Experienced by Both Groups

                                                                                                   *Adverse Events*                
  ------------------------------------------------------------------------------------------------ ------------------ ------------ ----------------------------------
  No side effect                                                                                   9 (57.9%)          56 (71.8%)   χ^2^ = 2.296 (1, 95), *p* = .130
  Adverse effects                                                                                  8 (42.1%)          22 (28.2%)   
  Side Effects                                                                                                                     
  Post massage soreness                                                                            6                  15           
  Post treatment muscle soreness                                                                   4                  3            
  Tiredness or fatigue                                                                             1                  5            
  Headache                                                                                         1                  4            
  Increased pain                                                                                   2                  3            
  Exacerbation of symptoms                                                                         1                  1            
  Dizziness                                                                                        1                  1            
  Other: Braxton Hicks worse day after massage, bruising, heightened anxiety, unsettle digestion   0                  4            

PPGP= Pregnancy-related Pelvic Girdle Pain

A chi-squared test indicated that self-rated side effects were not significantly different between massage groups for women with PPGP and without PPGP, χ^2^ = 2.296 (1, 95), *p* = .130. For individuals who received multiple massage treatments, there appeared to be no pattern regarding postmassage side effects; individuals in both groups experienced varied side effects at different time points.

DISCUSSION
==========

The study found no differences in response to pregnancy massage for PPGP and non-PPGP participants. Both groups had significant positive changes over time, and the findings show that both groups are changing the same way over time. The findings did show that the two groups differed significantly in presentation, with the PPGP group having higher levels of pain and a greater restriction in range of motion than the non-PPGP group. The higher levels of dysfunction (pain and restriction of range of motion) reflect, on average, the levels of pain seen in women with PPGP.^([@b4-ijtmb-13-1])^

The significantly lower rating of pain one week postmassage treatment for those with PPGP is promising, as research shows that PPGP pain is a major factor in a reduction in activities of daily living and a source of distress and emotional impact, and could lead to isolation.^([@b4-ijtmb-13-1],[@b14-ijtmb-13-1])^ Massage may be a potential treatment option for women with PPGP to manage pain. Further research is needed to investigate the role of massage in the management of PPGP pain and the impacts of any pain reduction on emotional health and the physical burden of PPGP pain.

There were no significant within-group differences from the premassage outcome measures to one week postmassage outcomes, except for the PPGP pain outcome and the non-PPGP stress outcome (see [Table 2](#t2-ijtmb-13-1){ref-type="table"}). Both of these outcomes were significantly decreased/reduced one week postmassage treatment, on average, compared to premassage levels. This is supported by the medium effect sizes seen for this time period (premassage to one week postmassage; see [Table 2](#t2-ijtmb-13-1){ref-type="table"}). A possible hypothesis for these findings is that PPGP pain and non-PPGP stress have a greater response period to massage than other outcome measures. Potential explanations for this could include that PPGP pain has a mechanical component and affects the myofascial structures around the sacroiliac joint^([@b14-ijtmb-13-1])^ which are impacted positively by the massage treatment. A potential explanation for the non-PPGP group findings on stress may result from multifactorial aspects such as environment (not being exposed to stress-provoking stimuli) and/or endocrine (less production of stress hormones \[e.g., cortisol\] and greater production of relaxing hormones serotonin), and/or increased vagal activity which increases cerebral blood flow across several brain regions involved in depression and stress regulation.^([@b29-ijtmb-13-1],[@b30-ijtmb-13-1])^ Other factors may be influencing the sustained benefits of pain (PPGP group) and stress (non-PPGP group), and individual research with larger study numbers is needed to replicate these findings.

Whilst there was a greater incidence of postmassage side effects in the PPGP group, this was not significantly different to the non-PPGP group. There is little-to-no research-related evidence on the side effects of massage during pregnancy and, thus, there is no research with which we can use to compare our study findings and make any conclusions. Women with PPGP report the impact of PPGP psychologically,^([@b4-ijtmb-13-1],[@b13-ijtmb-13-1],[@b14-ijtmb-13-1])^ and it is possible that the physiological and psychological aspects of living with PPGP may potentially make women more vulnerable to coping with any side effects experienced. However, more research is needed to determine if women with PPGP have a reduced coping mechanism when experiencing a side effect of massage and what the pathophysiology of this may be.

The study findings reflect PPGP in general only, and the study did not collect data on the potential mechanisms of the participants' pain such as the specific involvement of the SIJ, gluteal musculature, symphsis pubis or lower back (both musculature and spine). In general, this study found promising results for massage to reduce pain in PPGP; however, the involvement of specific areas of the body such as SIJ, gluteal musculature, symphsis pubis or lower back may potentially alter the management, treatment, and response of the client and, thus, no clinical recommendations for practice are presented. This highlights the need for further research to understand client responses based on subcharacteristics.

Limitations
-----------

The study involves small numbers and is a subgroup analysis from a prior study; further research is needed to confirm these findings. The original study did not have a control group and this limits the findings, especially with regards to the benefits of massage. The comparison of PPGP and non-PPGP women in this substudy does not constitute a control group especially in regard to benefits of massage. The comparison of PPGP and non-PPGP women in this substudy investigates average responses to treatment only. The study sample may have been influenced by bias due to the selective sample and the small sample size. The study, however, had very good recruitment and follow-up rate, and the participants represent a clinical sample of women who do seek massage during pregnancy.

CONCLUSION
==========

No differences were found in responses to pregnancy massage for PPGP and non-PPGP participants. Both groups had significant positive changes over time and both groups are changing the same way over time. There was a significant difference in presentation between the two groups, with the PPGP group having higher levels of pain and a greater restriction in range of motion than the non-PPGP group. The individual significantly lower rating of pain postmassage and one week postmassage treatment for those with PPGP shows promise, and this is particularly important given that the pain aspect of PPGP affects the physical and psychological health of pregnant women. More research is needed to determine the role of massage in PPGP management.
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